Abstract: The aim of this research was to develop a STEAM-based program for teaching middle school students the concept of time to enhance their computational thinking skills. The proposed Time Teaching Program (TTP) consists of modules and activities on the definition of time, historical development of time measurement tools, universal time measurement system, space-time theory, and time as a fourth dimension. To determine the effectiveness of TTP and its effect on middle school students' computational thinking skills, a mixed methodology was adopted in which both a quasi-experimental design including a pretest-posttest control group and an observational case study were used concurrently. The study group consisted of eighth-grade students from a public middle school in Turkey, selected according to the convenient sampling method. A computational thinking test was used to collect quantitative data, and observations and semistructured interviews were utilized for the collection of qualitative data. According to the results of analyses, when the effects of the pretest scores were not considered, there was a significant difference (F. 469 , 1, R 2 = .518) between the final test scores of the experimental and control groups in favor of the former. Based on these findings, it can be stated that the proposed STEAM-based program significantly improves the computational thinking skills of eighth-grade middle school students.
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We all as science researchers working in Turkey are more interested in the theoretical and pedagogical direction of STEM approach and designing teaching materials and classroom activities for including mathematics, science, and technology-design courses in accordance with the nature of STEM. In addition, we focus on the development of computational thinking skills of students in science classes. Therefore, we designed and implemented the Time Teaching Program. The aim of this research was to develop a program in accordance with STEAM model which covers the topics of time concept, historical development process of time measurement tools, universal time measurement system, space-time theory, and time as a fourth dimension. Now, we are planning a new program based on "communication" theme to the development of computational thinking skills of students on topics such as working principles of communication tools, light, sound, waves, frequency, period, media literacy, etc.
PUBLIC INTEREST STATEMENT
You have read in many places that our education system has to support multidisciplinary teaching in order to develop our children sophisticatedly and gain them twenty-first-century skills. In that case, what are these twenty-first-century skills? Why are they important? How can they be earned? Are our schools and teaching programs sufficient to achieve this goal? Unfortunately, generating ideas for shaping our future is easier than realizing them, and often these ideas cannot be effectively made real because they cannot fit into the right theory or curriculum plan based on students' developmental characteristics. In this research it is examined that how can the computational thinking skills, as one of the twentyfirst-century skill mentioned above, be acquired at the secondary school level through multidisciplinary approach. Additionally, an interdisciplinary curriculum model was proposed and discussed for this purpose. The results of the research are important in terms of providing a concrete and developable teaching model.
Introduction
The educational environment provided for individuals and the targeted characteristics students should achieve in this environment have varied according to the requirements of the particular era. Today, individuals are expected to have a wide range of abilities, such as taking responsibility for their own learning, thinking, questioning, transforming what they have learned into skills, analyzing events, establishing original connections, interpreting results in light of scientific data, cooperating, and using technology effectively and appropriately. Skills in relation to creativity, intellectual curiosity, critical thinking, knowledge and media literacy, cooperation, entrepreneurship, flexibility, intercultural interaction, and social responsibility are defined by educational scientists as twenty-first-century skills (Ananiadou & Claro, 2009; Rotherham & Willingham, 2010) . Countries need to revise their education programs in light of these skills, not to fall behind technological developments and to increase their competitive capacities (European Parliament Communities, 2015; President's Council of Advisors on Science and Technology, 2010) . One way of achieving this is to integrate different disciplines and real life into education programs because an interdisciplinary approach supports meaningful learning (Moye, 2011) . This approach is not new for multidirectional training of individuals (Çorlu, Capraro, & Capraro, 2014; Frykholm & Glasson, 2005) . Specifically, the multidimensional development of students based on an interdisciplinary approach has been long investigated in relation to science education, science-technology-society, and socioscientific issues (Sadler, 2004; Walker & Zeidler, 2007; Zeidler & Keefer, 2003; Zeidler, Sadler, Simmons, & Howes, 2005) . However, in the twenty-first century, information and communication technologies have assumed even a more significant role in social and economic life. For this reason, science-technology-engineering-mathematics STEM education, which is considered to enable individuals to become multifaceted, has gained importance. STEM is a systematic approach integrating these four subjects at primary and secondary school levels (Çorlu et al., 2014) . In addition, STEM covers a wide range of professions and disciplines, including agriculture, physics, psychology, and automotive engineering (Ashby, 2006) . The STEM approach has two main objectives: first to increase the number of students who are ready to be employed after high school and encourage them to choose careers in science, technology, engineering, and mathematics, and second is to increase the competence of all students in basic STEM areas (Thomasian, 2011) .
STEM education is at the forefront in the United States and Europe (Gonzalez & Kuenzi, 2012; Kuenzi, 2008) while the Korean primary education system (K-12) focuses on STEAM education (Jin, Chong, & Cho, 2012; Yakman & Hyonyong, 2012) , which is an interdisciplinary approach that incorporates the field of art into STEM education (Armknech, 2015; Park & Ko, 2012) . Thus, STEAM aims to provide an understanding of the relationship between science, technology, engineering, art, and mathematics (Yakman & Hyonyong, 2012) . In order to create a balanced STEM program, it is necessary to attach more importance to the field of art than to acquire communication skills, such as reading, writing, and speaking (Armknech, 2015) . By criticizing the STEM approach for overlooking the creative nature of man, this approach aims to raise manpower which will contribute to the development of society and increase the competitive power of societies. Yakman (2008) describes STEAM education in two ways. First, it is an education in which the fields of science, technology, engineering, and mathematics are approached in a multidisciplinary manner in addition to their individual standards. Second, STEAM education is holistic aiming at current fields and teaching subjects (Park & Ko, 2012) . Yakman (2008) created a pyramid to present STEAM education more concretely.
The pyramid consists of five steps. The lowest order constitutes the subject content of the STEAM training areas in particular, and the contents described in this step form the basis of the disciplines given in the higher step. While the areas covered by STEM education are presented in the multidisciplinary step, the disciplines covered by this approach, i.e., state of the art integrated into STEM, are given in the integrative step. The top step refers to life-long learning. The subject areas covered in the first step of the pyramid are related to high school and professional education areas, the multidisciplinary step is appropriate for the secondary school level, and the integrative step for primary and secondary school education (Park & Ko, 2012) .
In a STEAM-based education program, it is crucial to first determine the components to be included. Park and Ko (2012) referred to the following seven steps in the content organization of STEAM education:
(1) The processes of association, combination, and integration between the existing educational programs and the five STEAM disciplines should be undertaken without creating any conflict. In addition, integrated thinking or combined activities on thinking can be organized either separately or together for the fields of STEAM.
(2) For a creative STEAM education, various thinking systems concerning science, technology, and engineering should be introduced. For this purpose, it is important for students to learn how to apply a basic scientific theory to different technologies and how these technologies can be used in real life from an engineering perspective. Therefore, the relationships between the STEAM fields, as well as those between education and practice, are vital.
(3) For effective and creative teaching, teachers need creative tools. It is therefore important to develop various creative methods, learning tools, and experiments in STEAM education. Recently, creative experiments have also been used outside STEAM education. These activities should be integrated into STEAM education.
(4) One of the main objectives of STEAM education is to develop the ability to see the big picture, i.e., see the forest, as well as the trees in it.
(5) With the technological world rapidly changing, overlooking the philosophical nature of education and psychological nature of human beings in science, technology, and engineering education would be mechanical and meaningless. Therefore, a STEAM education system should be able to quickly respond to changing technologies and adapt to the requirements of the day.
(6) For STEAM education, a practical and realistic system should be developed, which can systematically predict the future based on not only science, technology, and engineering but also politics, environment, society, and economy. It should also take into consideration other integrative thinking systems, creativity, and values.
(7) The concept of integrated design in engineering may be an important turning point for STEAM education. This concept should aim to train not only future scientists and engineers but also future politicians and social leaders by developing students' systematic experimental skills in science, technology, and engineering, as well as nurturing other skills and traits related to ethics, communication, sociability, cooperation, leadership, and empathy.
Computational thinking
Computational thinking (CT) has a long history in computer science. Historically, algorithmic reasoning, as CT was known in the 1960s and 1970s, was defined as the process of formulating algorithmic relations by treating problems in the context of inputs and outputs (Knuth, 1985) . Today, this concept has extended to many levels of abstraction and has been concentrated on utilizing mathematics to develop algorithms and determining how solutions to problems of different magnitudes best work (Denning, 2009) . In order to better understand this concept, it is necessary to first define informatics. The Turkish Language Society defines the concept informatics as "the regular and logical electronic processing of knowledge, which is used by human beings for communication in technical, economic and social areas, and constitutes the basis of science." According to Denning (2009) , information science is not merely computer programming but a deeper concept requiring the ability to think like a computer scientist. CT is very useful in formulating problems in an appropriate format to solve them using computers and other tools; logically organizing and analyzing data; displaying data using abstraction, such as models and simulations;
generating results through algorithmic thinking; showing, analyzing and applying possible solutions; and generalizing and transferring problem-solving processes to the solution of problems in many other areas (Barr, Harrison, & Conery, 2011; Wing, 2008) . CT is one of the key areas of application in computer science, but not unique in the processing of information nor does it cover the entire information processing cycle (Denning, 2009) .
CT is a kind of analytical thinking; it uses the general way of thinking mathematically to solve a problem: designing a large, complex system and engineering it considering real-life situations; it incorporates intelligence, mind, and understanding human behavior into scientific thinking (Wing, 2008) . CT focuses on people's ways of solving problems, rather than encouraging them to think like computers. It is not only software and hardware that are physically shown and that touch one aspect of our life but also computational thinking concepts in problem-solving, execution of life, communication, and interaction with other people.
Various researchers identified the subdimensions of CT-related skills. For examples, Weintrop et al. (2014) defined the following four subdimensions of CT skills: data and information, modeling and simulation, computational problem-solving, and system administration. Below are examples of the skills included in each subdimension.
• Data and information skills: collection, generation, manipulation, analysis, and visualization of data.
• Modeling and simulation skills: using computational models to understand a concept, understanding how and why information processing models work, using information processing models to develop and test solutions, evaluating computational models, creating new models, and expanding existing models.
• Computational problem-solving skills: catching and debugging errors, programming, choosing effective computational tools, measuring different approaches/solutions for a problem, developing modular informational computing solutions, using problem-solving strategies, and creating abstracts.
• Systems management skills: Examining a system as a whole, recognizing relationships within a system, thinking in levels and visualizing systems, and defining, understanding, and managing complexity.
Research problem
The previous sections of this paper addressed the importance and necessity of the STEAM approach and CT skills for the education system. What is even more important, however, is to discuss what should be prioritized and identify the steps to be followed by science educators to adopt an effective STEAM approach. Although science education is closely related to other disciplines, and thus appropriate for an interdisciplinary approach by nature, there are clear challenges to integrating science and other STEAM fields, such as art and engineering, which do not appear to have common skills or objectives. One way to overcome these challenges might be to seek support from experts in the field, but this may create a new problem in that although painting and music courses are taught by teachers qualified in that field, engineering experts are not employed as teachers in schools. However, since the STEAM approach aims to develop students' basic thinking skills in relation to engineering, rather than expecting them to become engineers, the previously mentioned CT skills in classroom activities will help meet the specific requirements of this field. In addition, science applications in the middle school curriculum and the compulsory or elective courses, such as technology design, are very important sources in which to apply an interdisciplinary approach. For the preparation of instruction plans, it would be very useful to work with the teachers of these courses and collaborate with them throughout the academic year.
A review of the literature shows that STEM education practices are mostly focused on technology development and use as in the context-based learning approach, rather than on solving problems from real life. In more concrete terms, both in Turkey and globally, STEM education has been mostly limited to research on software and robot construction (Papanikolaou, 2010; Yamak, Bulut, & Dündar, 2014) . This may be because the majority of the software kits used in STEM education are free and easily available (e.g., Arduino IDE and Scratch), and the basic algorithms involved are simple enough for middle and high school students to easily learn (Resnick & Silverman, 2005) . In addition, it is clear that both in the hardware and software sense, robot construction addresses all four fields of STEM, i.e., science, technology, engineering, and mathematics. However, we consider that due to most studies being undertaken independently from educational programs, their contribution being primarily to the development of students' CT skills, as well as other skills included in the objectives of the curriculum, is questionable. For this reason, there is a need to prepare and implement a STEAM-based program and evaluate its effectiveness. Therefore, in this study, we aimed to develop a STEAM-based program to teach middle school students the concept of time (Time Teaching Program-TTP) in order to enhance their CT skills. In this context, the main research problem of the study was determined as "Does the proposed STEAM-based TTP have a statistically significant on the development of CT skills of eighth-grade middle school students?"
Method
In this research, a concurrent-triangulation design (Creswell, 2009 ) was used as mixed methodology. This pattern is also referred to as "simultaneous attempt" by Newman and Ridenour (2008) and is based on the combined and concurrent use of qualitative and quantitative research methods. For this purpose, a quasi-experimental method was employed with the pre-test and posttest control group (observational case study) (Bogdan & Biklen, 2007) . A case study is a method of using a variety of data gathering tools, such as focus group interviews, observations, and examination of documents to analyze one or more situations in an integrated manner within the boundaries of time and location (Yıldırım & Şimşek, 2005) . This case can be a single individual, program, module, or school (Newman & Ridenour, 2008 ). An observational case study is a type of case study in which observation of the participants is the primary data collection tool, and it is undertaken mostly in environments, such as schools and rehabilitation centers.
Program preparation and application
TTP was developed based on the STEAM model in order to develop the CT skills of eighth-grade middle school students. The idea of developing TTP emerged from the need to integrate CT knowledge and skills into the curriculum. Both in Turkey and in the rest of the world, research into how to improve the CT skills of students is usually driven by a focus on the attempts to develop robotic systems and is generally based on information and technology-oriented courses and topics. However, this is not in parallel to the objective of developing problemsolving skills that are at the center of CT skills. It is believed that in order to successfully develop CT skills and integrate them into daily life, students should relate these skills to the curriculum content. This indicates that the content of the elective science applications course in middle schools should be revised since the current curriculum only covers science and mathematics topics, with other STEAM disciplines; e.g., engineering and technology being overlooked. Therefore, when developing a STEAM-based program for this course, we chose to focus on a concept that is related to every aspect of life and thus concerns multiple disciplines: the concept of time. We first prepared modules for teaching this concept and then decided on activities and content according to these modules. The activities were finalized after the evaluation of science teachers and field experts. Figure 1 presents the modules and the course content.
Module 1: measuring time
The measuring time module aims to develop the concept of the day-time clock from the past, the examination of the developed tools, and the creation of the future, from the focus point of how time progresses and how it can be measured. For this purpose, the students are asked to create a sandglass and a sundial to measure time and explore the working principles of the both objects.
Module 2: life cycles
The cycles module aims to make students aware of and able to use information about the natural cycles that they have observed, measured, and recorded in order to make sense of time from past to present. The aim of this approach is to examine and compare the circles of the sun, moon, other planets and constellations, and to observe and compare the calendars prepared based on these observations. The purpose of this theme is that by making their own observations recording their observations and creating their own calendars from these records, the students will be able to understand these natural cycles.
Module 3: time in nature
In this module, the students should gain knowledge and skills about the natural temporal cycles and natural habitats of time and make meaningful relations between nature and time by observing and making inferences using these knowledge and skills. The time module in nature consists of two entities: the life cycle of living things and examination of age rings of trees (dendrochronology) in the scope of life cycle subjects and comparison of the biological clocks of the individuals of different ages and sexes to discover their chronobiology based on the 24-h observations of the students.
Module 4: space-time
The space-time module aims to encourage the students to think and consider what time might actually be together with the content of the course and enriched by scientific theories and models of time, time-of-the-moment, twin paradoxes, informative learning of subjects, such as time, nature of research, and documentation. Table 1 presents the scope of TTP and the targeted skills. The program was implemented during the fall semester of 2016-2017 in the elective science applications course at the eighth-grade level. The activities related to each model were carried out by one of the science teachers in the school. This aimed to minimize threats to internal validity of the research. The activities in the control and experimental groups were undertaken simultaneously in accordance with the curriculum of the science application course. Furthermore, in addition to the students, the teacher was observed by the researchers during the implementation of the TTP activities to prevent any adverse effect on internal validity. 
Data collection tools
The data of the research were obtained using both qualitative and quantitative tools due to its mixed methods design. The measuring instruments used are explained below.
Observation notes
During the implementation of the program as an observational case study, which constituted the qualitative dimension of the research, one researcher was assigned to observe the students and the teacher during the activities to identify potential factors that might affect the internal validity of the research.
Semi-structured interviews
Semi-structured focus group interviews were held with the students from the experimental group to determine their preliminary knowledge about the subjects; elicit their curiosity, interest, views, and recommendations concerning the activities; and identify their post-TTP levels about conceptual gains related to the modules. Participation in these was voluntary. The questions of the semistructured interview are given below.
(1) What do you think about the activities carried out in the science applications course in the last semester?
(2) What kind of awareness did STEAM practices give you? 
Computational thinking test
At the beginning of the research, studies in the literature were screened to identify the subdimensions of CT skills, and as a result, the categories of skills described by Weintrop et al. (2014) were chosen for this work. A problem situation was determined for each question prepared for computational thinking test (CTT). The questions were then sent to six academicians: two mathematics teachers, two science teachers, and two measurement evaluation experts at the middle school level, and the specified skills were assessed with regards to solvability, suitability to student level, and understandability. In accordance with the feedback from the academicians, some of the questions were revised and some were excluded from CTT. Furthermore, for the reliability of the final version of CTT, McDonald's ω was calculated and found to be .779.
Student diaries
The students in the experimental group were asked to keep individual diaries on their experiences regarding the process and their views on TTP. At the end of the process, these diaries were collected and analyzed by the researchers using the content analysis method.
Study group
Using the convenience sampling method, the experimental and control groups were determined from eighth-grade students taking the Science Applications elective course in a public school located in Ankara, Turkey. There were five groups in total, two of which were randomly assigned • Understanding how and why these models work
• Using these models to develop and test solutions Time counter To further engage students in creating and using their own time measurement tools
• Using computational models to understand a concept
• Understanding how and why computational models work
• Evaluating computing models, and using them to develop and test solutions
• Creating new models and expanding existing models (Continued)
Module
Name of activity
Purpose of activity Skills
Module 2: cycles Universe cycles To help students discover and understand the cycles of the solar system and the celestial bodies in this system. In this activity, students are asked to construct algorithms of relations between the circumstances of celestial bodies
• Examining a system as a whole
• Understanding the relationships within a system
• Thinking about patterns and visualizing systems
• Defining, understanding, and managing complexity
Lunar calendar To engage students in observing the Moon's movements, making predictions and inferences about these movements understanding that they occur in a cycle, and creating a lunar calendar using the models on the lunar phases and the data obtained
Constellations
To enable students about the constellations observed in the night sky as the Earth rotates around the Sun and to use it in the measurement of time understanding that it is a natural cycle
Mars calendar problem
To engage students in creating a calendar for the planet Mars by discovering its phases. The aim is to develop students' different modeling skills by comparing their calendars with those of their peers
• Evaluating information processing models
• Using information processing models to develop and test solutions
• Creating new models and expanding existing models as the experimental group and the remainder were assigned as the control groups. There were approximately 25 students in each group; however, due to the absence of some of the students and 4 students not wanting to participate in the study, the study was carried out with 104 students, 44 in the experimental group and 60 in the control group.
TTP developed within the scope of the study was implemented by the teacher of the selected course to minimize any threat to internal validity that may arise from the learning process of the students and the middle school teaching experience of the academicians. Furthermore, the reason for selecting an elective course was the assumption that since the students chose to take this course, they would have a higher interest and motivation in science subjects. Finally, TTP was implemented during class hours in order not disrupt the school schedule. Table 2 gives the descriptive statistics of the participant students' CTT pretest scores. Of the 104 students included in the study, 44 were in the experimental group and 60 were in the control group. An independent groups t-test was used to determine whether there was a significant difference between the pretest scores of the two groups. This aimed to reveal the equivalence or non-equivalence of the two groups of students in terms of CT skills at the beginning of the study. Table 3 presents the comparison of the pretest scores between the experimental and control groups. A statistically significant difference was found between the groups' mean scores in CTT pretest (t = 3.88, p < .05). Thus, the pretest scores were assigned as covariant variables for the comparison of the posttest averages, and the difference between the groups was statistically analyzed.
Ethics, internal and external validity
Official permission was obtained from Hacettepe University Ethics Commission and Ankara Provincial Directorate of Education before the research. In addition, volunteer participation forms were distributed to the students and their parents, and they were informed that participation in the survey was entirely voluntary. All selected students and their parents signed the consent form. Pretest and posttest CTT implementation each took 45-50 min for both experimental and control groups. The tests were administered in both groups by the classroom and course teachers. There were 14 weeks between the pretest and posttest applications. Given the total length of the study, it can be stated that the maturation effect did not significantly increase the test scores of the participants. The research compared the pre-and posttest scores of the students to investigate the development of their CT skills.
Table1. (Continued)

Module
Purpose of activity Skills
Module 4: space-time
What is "time"?
To arouse students' interest in "what time actually is" through watching a documentary on time warp called "Beyond the Universe"
• Understanding the relationships in a system
Speed of time To seek answer to questions, such as "Does time have a speed? If yes, is it fast and does it change?". In this activity, students are also engaged in thought experiments and discussing the mental models they create
Since the academic achievement of the students in science courses was not examined within the scope of the research, increasing the students' academic achievement by preparing the subject in advance or increasing the repetition of the subject was not any threat to the internal validity of the research. At the end of the study, the post hoc power analysis was calculated as .71, 1 confirming the external validity of the research based on a wide range of power in terms of sample size (Cohen, 1992) .
Results
This research aimed to compare the posttest scores of the control group students who were provided with the standard course content and those of the experimental group students who were taught according to TPP based on a STEAM model. The results of the distribution of the pretest and posttest scores of the two groups are given in Table 4 .
The pretest scores of the experimental group and the posttest scores of the control group were not normally distributed (Table 4) . Therefore, the data sets were further examined to obtain more evidence concerning this distribution. The Q-Q plot distributions, histogram curves, and skewnesskurtosis coefficients of the data sets revealed that the distribution of the data sets met the assumptions of a variance analysis.
Since there were non-equivalent between the experimental and control groups concerning CT skills at the beginning of the research, the pretest scores were determined as a covariant, and a covariance analysis (ANCOVA) performed to determine the differences in the posttest scores that were negligible. The results of the covariance analysis are given in Table 5 .
When the effects of the pretest scores were not considered, a significant difference (F .469 , 1, R 2 = .518) was found between the posttest scores of the experimental and control groups in favor of the experimental group (Table 5) . Based on these findings, it can be stated that TTP significantly improved the CT skills of the eighth-grade middle school students.
The aim of the proposed program was to determine the extent to which students improved their knowledge of CT skills through the suggested activities and identify the strengths and weaknesses of the curriculum. Thus, qualitative data were collected through diaries kept by the students throughout the process, as well as interviews conducted with the students and the practice teacher. The data were examined based on the codes related to CT skills obtained from the literature. During this review, new codes and themes were created using content analysis. The descriptive values of the codes are given in Table 6 . When the qualitative data obtained from student interviews and diaries were analyzed, the most frequently encountered code was "conceptual knowledge of time." Although the aim of this study was to enhance students' computing skills, the students were found to have acquired more knowledge about the concept of time as a result of integrating topics, such as the concept of time and time measurement into the course plan. This also led to a low frequency of codes for CT skills obtained from the literature. For example, in his/her interview, one student made the following comment in relation to the documentary they watched within the scope of the program:
. . .I've thought about it before. There's no time in space. Even going to space is a time problem. What most attracted my interest was the time flow near the black hole. So, it was very interesting. The man had aged after coming back in two minutes. This was very interesting. There are places where time is faster or slower in space.
Data collection and data analysis codes were obtained more often from students' diaries than their interviews. The code with the highest frequency in student interviews was "enjoyable." Although such codes are usually frequently seen in interviews with students in experimental studies that involves different applications from the traditional teaching programs, it was still considered to be meaningful as a research finding. An example of this code can be given as follows:
I have started to think about questions that I had never thought of until today. What happened to people who lived before me? How is time in space? How did the time change what I learned? It was informative and enjoyable. The most noteworthy code obtained from the teacher's responses regarding the structure of the program was "association with everyday life." In addition to the intensity and effectiveness of the program in relation to everyday life, the teacher also referred to the difficulty of implementing this program within the science course (coded as "outside the curriculum"). Although this was considered to be a STEAM model and classroom practice related to the curriculum, it was interpreted that the application in mathematics and science courses may cause some problems.
Conclusion and discussion
Meeting the needs of the twenty-first century depends on helping students acquire the ability to connect with everyday life in designing and using new technologies, and applying their problemsolving skills. For this reason, STEM education has recently been focused on educational systems (Balay, 2004; Olson & Labov, 2014) . STEM is an educational model for the integration of science, technology, engineering, and mathematics disciplines (Bybee, 2013; Dugger, 2010) . In order to increase the number of students who want to have a successful career in engineering or science, they should engage in education consisting of integrated STEM fields (Öner et al., 2014) . The twentyfirst-century educational visions of countries include the need for training in the field of STEM in order to create career consciousness in students (Thomasian, 2011 ). Scott's (2009) model on STEM education suggests that the application of technology to science and mathematics contents should be included with career and technical education being supported by academic assignments; furthermore, STEM concepts should be applied in other courses, and science and mathematics should be integrated into the curriculum in a comprehensive way. In the last 5 years, the STEM model has been effectively introduced to education environments and related practices have begun to be undertaken in the process of learning-teaching. However, the results of STEM implementations and associated research confirm that this model is still applied mechanically on learners, which is far from a systematic approach or philosophy (Papanikolaou, 2010; Yamak et al., 2014) . Considering an educational model to be independent from the underlying philosophy, target, content, learning-teaching, and assessment and evaluation process may lead to problems in determining the level of learners' development and how to appropriately guide them according to a purpose. Therefore, the STEM model should also be linked to the skill dimensions within the curriculum to be developed in children and adolescents, based on major educational philosophies and approaches. One of the most important twenty-firstcentury skills associated with STEM education is CT, and according to Yadav, Zhou, Mayfield, Analyzing data 6.1 3
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Codes related to the structure of the program Hambrusch, and Korb (2011), it must be introduced to disciplines other than computer science and to the K-12 level. Similarly, Barr et al. (2011) suggested that CT skills have a significant potential in equipping students at the K-12 level with the necessary problem-solving skills. In STEM education, programs designed by taking CT skills into consideration will be effective and meaningful for learners.
Many STEM studies have referred to the lack of emphasis on the creative nature of human beings (Armknech, 2015) . Therefore, it is expected that the use of the STEAM approach more extensively than the STEM approach by far eastern countries, such as Japan and South Korea with a higher success in international exams, will contribute to the multifaceted development of students (Jin et al., 2012; Yakman & Hyonyong, 2012) . For this purpose, in this study, we developed a program (TTP) for the STEAM model at the middle school level and examined the effect of the proposed program on the students' CT skills. According to the findings, it was determined that the content of the STEAM-based TTP significantly increased the students' knowledge of CT skills and positively affected their interest and motivation in STEM fields. In addition, given the importance of integrating the STEAM approach into the class, it is envisaged that the program developed may serve as a good example for further applications. The challenges that may be faced during the implementation of the program are the difficulty of time management during or outside class hours, insufficient instructional materials, the long duration of some of the activities, and the inability to apply the program directly to science and mathematics classes. For this reason, when designing a curriculum, it is extremely important to develop the content in a way that allows implementing an interdisciplinary approach.
Research studies particularly in the USA have shown that there is an increase in the interest of students in STEM practice; however, at later grades, students may focus on careers that involve STEM areas (Jon & Chung, 2013) . In addition to these research studies, the students' interest in these fields can be increased by engaging them in STEM applications in education. In the 2016 STEM Education Report (MEB, 2016) published by the Ministry of National Education of Turkey, it is stated that STEM education should be given to all students and that curious, talented, and gifted students should be identified and given more advanced STEM education. The report also states that STEM training centers could be established and training and event support could be provided to teachers and students in these centers. It is emphasized that in Turkey, STEM education research and projects could be undertaken in these nonprofit-orientated STEM training centers and where there are specialist trainers and academicians in the field of STEM. Furthermore, in-service training on STEM education can be given to teachers in STEM centers. The recommendation of this research is that the STEAM model improves individuals' twentyfirst-century skills and supports career development processes by addressing different disciplines and skills; thus, it is necessary to spread this model across the levels of education. In addition, the teaching program in our country needs to be designed considering the STEM vision taking into account the target, content, learning-teaching, and measurement-evaluation dimensions, as well as robot design and material development. To this end, teachers need to be supported by preservice and in-service training. Numerator df = 1 Number of groups = 2 Number of covariates = 2 Output: Noncentrality parameter λ = 6.5000000
Critical F = 3.9361430 Denominator df = 100 Power (1 − β errprob) = .7139650.
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